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TRAJECTORY STUDIES FOR SATURN V CIRCULAR SYNCHRONOUS ORBITS

By Veit Hanssen
SUMMARY

A study was made on different ascent and descent profiles for an
inclined, circular, synchronous orbit. Two of the four investigated
ascent profiles use the S-IC and the S-II stages to insert the S-IVB/CSM
configuration into an earth parking orbit (EPO) after which the first
S-IVB burn raeises apogee to synchronous altitude. Circularization is
achieved with the second S-IVB burn alone or with the S-IVB and the serv-
ice propulsion system (SPS). The other two profiles use & direct ascent
approach with the second S-IVB burn being used both with and without the
SPS to achieve the synchronous orbit. An enalysis of some preliminary
deorbit and entry data is also presented.

A comparison of the results of the study indicates that the
maximum payload cen be inserted by using the S-IVB and the SPS for a
direct ascent to the synchronous orbit. Iess payload but greater control
of longitude of insertion is offered by injection to synchronous orbit
from an EPO. The payload capasbility offered by using the EPO with the
S-IVB and the SPS is 62 780 1b and with the S-IVB alone, 60 280 1lb.
Using the direct ascent technique, 73 750 1b of payload can be inserted
into the synchronous orbit by burning both the S-IVB and the SPS. This
73750 -1b payload includes 25 800 1b for the IM laboratory and equipment
for experiments. If the direct ascent is accomplished with the S-IVB
alone, 69 100 1b of payload can be inserted into the synchronous orbit.

The analysis of the preliminary deorbit and entry results indicates
that direct descent offers no control of the longitude of landing. How-
ever, longitude of landing can be controlled by any of several inter-
mediate orbit schemes.

TERETIATAT T AT

INTRODUCTION

One of the Saturn V missions planned for the Apollo Application
Program (AAP) is a lli-day synchronous earth orbital mission. A rather
extensive study of this type of mission wes made by North American
Aviation (NAA) (ref. 1). The study was, however, based on an equatorial,



synchronous mission, and one of the three investigated profiles required
two restarts of the S-IVB stage, which would be & modification from the
present one-restart capability existing for the Apollo Saturn V. The
remaining two profiles offered only a low payload capability.

A lster study made at the Manned Spacecraft Center (MSC) (ref. 2)
indicated that an inclined, synchronous orbit would result in a higher
payload than the equatorial, synchronous orbit. One of the profiles
allows only ebout 25 minutes after the second S-IVB burn for the trans-
position and docking (T & D) meneuver end lunar module (IM) extraction
before the SPS is ignited for the synchronization burn.

The purposes of this document are to summarize results of previous
studies and to examine the payload capability of an inclined, synchronous
orbilt using two different approaches. One uses the S-I and S-II stages
to insert to EPO, followed by an S-IVB burn out of the EPO. The synchro-
nous orbit is achieved with the second S-IVB burn alone or with the
S-IVB and the SM. The second is & direct ascent approach with the sec-
ond S-IVB burn being used both with and without the SPS to achieve the
synchronous orbilt. The latest known performance data were used for
both approaches.

This document includes a brief description of the profiles and
results of the previous studies and the results and analysis of the
present study. An analysis of some preliminary deorbit and entry data
is also included.

The payload for the synchronous orbits consists of the dry weight
of the commend and service module (CSM), the SPS propellant (including
the propellant for deorbit), the IM laboratory, and any equipment for
experiments. Only medical experiments will occur in the CSM; all other
experiments will be performed in the IM laboratory, which will be modi-
fied to remove unnecessary hardware.

The groundtrack of a vehicle in an equatorial, synchronous orbit
is a point, i.e., the hover point, on the equator. The groundtrack of
the inclined, synchronous orbit, however, traces a figure-eight on the
earth's surface because the spacecraft's velocity varies with respect
to the earth.

Details of the objectives of the AAP synchronous orbit missions
and of the launch vehicle and spacecraft to be used are given in the
references. Scott McKay of the Mathematical Physics Branch determined
the optimum trajectory for the direct ascent profiles.




RESULTS AND ANALYSIS OF PREVIOUS SYNCHRONOUS ORBIT STUDIES

The results of the synchronous orbit studies in references 1 and 2

are summerized in table I. A cursory analysis of these results indicated
that:

1. All three profiles in reference 1 and two profiles in refer-
ence 2 asre equatorial, synchronous orbits which result in smaller pay-
loads aveilable for experiments than for inclined), synchronous orbits.

2. One of the profiles in reference 1 scheduled two S-IVB relights,
which would require modification of the current S-IVB hardware.

3. Reference 2 based its first two profiles on data of the EPO
of reference 1. The payload of 39 540 1b, which leaves 900 1lb for
experiments after subtracting the weight of the CSM and the SPS deorbit
fuel, would eliminate all but the medical experiments.

4. Profile 3 in reference 2 allows only 25.6 minutes for trans-
‘position, docking, and IM extraction, which is hardly acceptable.

RESULTS AND ANALYSIS OF PRESENT SYNCHRONOUS ORBIT STUDY

Ascent to Synchronous Orbit

Four profiles for insertion into an inclined, circulsr, synchronous
orbit are presented and snalyzed in this section. The first two pro-
files use an EPO, and the last two use direct ascent to apogee at the
synchronous orbit altitude. The results are summarized in tables IT
through VIII. Tracking stations and their equipment are presented in
table IX for all four profiles.

Profile l.- The S-IC snd the S-II stages of the Saturn V insert the
spececraft into & 100-n. mi. EPO (teble II). After the subsystems are
checked out, the S-IVB is ignited at the optimum longitude to insure
the most favorable location for the ascending node. The first burn
lasts 239 seconds and raises apogee to 19 327 n. mi. After a 5.5-hour
coast the spacecraft reaches apogee, and the second S-IVB burn circular-
izes the orbit at the synchronous altitude (19 327 n. mi.). The payload



capability of this profile is 60 283 1b. The altitude time histories
during insertion and acquisition and loss of ground stations &are shown
in figure 1l(a) for this profile. Figure 2(a) presents the groundtracks
and major mission events.

Profile 2.- The launch vehicle inserts the spacecraft into the 100-n. mi.
EPO (table II). Figure 1(b) shows the altitude time histories and ac-
quisition and loss of ground stations for this profile. The first

S-IVB burn to high-sltitude spogee is the same as profile 1. Two in-
jections from EPO to circular, synchronous altitude are presented for
comparison in figure 2(b). After coasting to apogee, the S-IVB is relit
and fires for 42 seconds until fuel depletion (4779-n. mi. perigee
altitude). A 16-hour (1 revolution) coast provides sufficient time for
transposition, docking, and IM extraction. The SPS is ignited near
apogee, and a 283-second burn circularizes the ellipse injecting

62 779 1t of payload into synchronous orbit.

To insert the S-IVB/CSM into & 100-n. mi. EPO, using only the
S-IC and S-II stages, the lift-off weight was decreased by 103 40O 1lb:
8400 1b of IM laboratory weight, and either 75 000 1lb of S-IVB fuel
and 20 000 lb of SPS propellant for profile 1 or 95 000 1lb of S-IVB
fuel for profile 2.

Profile 3.,- The S-IC, the S-II, and part of the S-IVB are used to in-
sert the spacecraft into a 70 by 19 638-n. mi. intermediate orbit, as
shown in table III. Following a 5-hour coast, the S-IVB burns at apogee
for 101 seconds, circularizing the orbit at the desired altitude. This
profile inserts 69 100 lb of payload into orbit. The altitude time
history during insertion and acquisition and loss of ground stations

is presented in figure 1(c); figure 2(c) shows the major mission events
and groundtracks for this profile.

Profile L.~ As in proflle 3, the launch vehicle ascends directly into

8 high-apogee orbit (table IV). The S-IVB burns 40l seconds to achieve
a 19 391-n. mi, apogee altitude. After a 5-hour coast, the S-IVB is
reignited and burns to depletion (79 seconds), raising perigee to

10 928 n. mi. The crew then performs the transposition and docking
maneuver, IM extraction, and S-IVB jettison. These maneuvers teke place
within 20 hours, after which the CSM reaches apogee and burns the SPS
for 137 seconds to circularize the orbit at synchronous altitude. The
payload capability of this profile is 73 775 lb.

From the results of the direct ascgnt profiles, note that the nodal
point of the synchronous orbit is at 52  E for profile 3 and at 148°
for profile 4.

Because all burns are S-IVB, profilé 3 has no flexibility in locating
synchronous orbit location. Profile 4 uses SPS for final circularization.




Waiting orbits can be used to provide synchronous orbit at other
longitudes. Longitude will shift approximately 650ﬁ for each

extra orbit. Additional SPS burns could be used.to provide waiting
orbit periods for a finer® control of longitude.

Descent From Synchronous Orbit

Three profiles for descent and entry from the inclined, synchronous
orbit were investigated and are presented in this section. These descent
profiles include a direct transfer ellipse, & phasing orbit, and a Hoh-
mann waiting orbit. Figures 3 through 7 pertein to descent from the
inclined, synchronous orbits.

Direct Transfer Ellipse.- A study was made of different direct deorbit
Tocations along the figure-eight shaped flight path (fig. 3). The
groundtrack described by the spacecraft during one period of & cidcular,
synchronous orbit is a function of inclination and eccentricity. Since
the 28.6° inclination and the O eccentricity are constant in all four
ascent profiles, the groundtracks after insertion are identical.

The inclined, circular, synchronous orbit offers a band of deorbit
locations, and touchdown can teke place at any point between 28. 6° N
and 28.6° S latitude. The longitude of touchdown depends on the loca-
tion of the line of nodes of the synchronous orbit.

The deorbit burn lasts 219 seconds and results in an SPS fuel
consumption of 15 360 1b and a AV of 4925 fps. The burn is followed
by a 5-hour coast which brings the spacecraft to reentry altitude at
400 000 ft. At this point, the command module enters near the middle
of the entry Sorrldor with a velocity of 33 800 fps and a flight-path
angle of -6.3 . Flying at half-1lift, the spacecraft touches down
S minutes after reentry.

From SPS deorbit to the point of touchdown, the spacecraft traverses
an angular distance of approximately 188° , or about llO of longitude,
as shown in figure L.

Note that a direct deorbit from the inclined, synchronous orbit
offers no control in the longitude of the landing area. Control of the
latitude of landing is limited by the angle of the inclination measured
north and south of the equator.

Phaesing Orbit.- To contrcl the longitude of landing, two alternatives
are investigated and typical solutions presented. The descent through
a phasing orbit as shown in figure 5 requires three retro-burns.




After CSM-IM separation in synchronous orbit, the SPS burns for
258 seconds, to a perigee altitude of 200 n. mi. After coasting to
perigee, the SPS 1s reignited and burns for 66 seconds, decreasing
apogee to 9000 ne. mi. The spacecraft is now in a phasing orbit of
5-hour period. The angular distance traversed by the spacecraft can
be changed by altering the coast time and orbital parameters of the
phasing orbit. A T-second deorbit burn at apogee gives the spacecraft
the velocity necegsary to enter in the middle of the entry corridor
(32 O7h4 fps - 6.1°). The total SPS propellant required for this deorbit
mode is 22 850 1lb.

Hohmenn Walting Orbit.~ More time and less fuel consumption than for

The phesing orbit technique is required by using the Hohmann walting
orbit for control of longitude of landing (fig. 6). In this mode, the
spacecraft is ignited for a short impulse burn at retro attitude, which
results in a perigee below synchronous altitude and a period less than
that of the earth, This causes the line of nodes to precess (fig. 7)
until the desired longitude for the deorbit burn is obtained. The
total smount of SPS fuel for descent will range from 15 500 to 16 600 1b
depending on the true anomaly of deorbit and the perigee altitude of

the Hohmann ellipse.

CONCLUDING REMARKS

In order for a synchronous orbit mission to be feasible, there
must be the capability to inject 53 000 1b of payload into the syn-
chronous orbit. This payload includes 14 000 1b for the IM laboratory
and equipment for basic experiments and 39 000 1b for the dry weight
of the CSM and propellant for a direct descent deorbit. All four
mgdes investigated in this study for injection into the inclined,
C}r?ular, synchronous orbit have a payload capability exceeding the
m1§1mum requirement. However, use of a fully loaded IM laboratory,
which weighs 25 800 1b (ref. 1), would eliminate ascent using the EPO
for injection to the synchronous orbit.

The direct ascent to apogee at synchronynous orbit altitude
(profile 4) appears to offer the best comination of, paylosd &nd
mission flexlbility. Geographic location of the synchronous orbit
can be controlled by using intermediate phasing orbits because the SPS
with its multiple relight capability is used for circularizaetion. To
obtain flexibility in landing point comtrol, intermediate, or phasing
orbits must also be used during the descent.
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TABLE IX .- UNIFIED S-BAND STATIONS

AND THEIR LOCATIONS
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Geodetic

Station name Call letters latitude, Long:;ude,
€g
Merritt Island MLA 28.50 -80.52
Grand Bahama GBI 26.65 -78.15
Bermuda EDA 32.35 -6L,65
Antigua ANT 17.01 -61.75
Ascension Islend AsC -7.95 -1h.32
Madrid MAD 40.45 -4.16
Carnarvon CRO -24.9 113,72
Guanm GUA 13.30 144,73
Canberra CNB -35.5 148.97
Hawaii HAW 22,12 -159.66
Goldstone GST 35.34 -116.87
Guaymas GYM 27.96 -110.72
Corpus Christi TEX 27.65 =97 .37
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SPS DEORBIT BURN
t=0

ROTATION OF EARTH

0 SUBSATELLITE POINT AT DEORBIT

B POINT AT TOUCHDOWN

O INERTIAL POSITION OF SPACECRAFT
IN ONE HOUR INTERVALS

® RELATIVE POSITION OF IMPACT
POINT IN ONE HOUR INTERVALS

t=5.35 hrs,

Figure 4 .- Central angle for deorbit from synchronous altitude.
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